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Introduction: It has been discovered recently that examination of C@ partitioning between the head-
soils from certain regions of the Chilean Atacama space and aqueous phases in the biology experiments
Desert have some characteristics that are sintltret can yield insight into the acid-base chemistry of the
surface materials tested by the Viking Landers. surface material at the landing sites.

Navarro-Gonzalez et al.[l] demonstrated that the Resultsand Discussion: We have measured the pH of
quantity and diversity of heterotrophic bacteria in- soil samples collected along a north-south transect
crease as a function of local water availabilityttie (24°S to 28°S; ~ 70°W) in the Chilean Atacama De-
Atacama, and that for some soil samples collected insert and compared the magnitude and kinetics of pH
the driest regions, no culturable bacteria could be iso-shifts in these soils upon wetting with pH changes
lated. Additionally, Navarro-Gonzalez et al. reported occurring in Viking martian surface samples wetted in
that pyrolysis-GCMS analysis of soils collected from the Labeled Release experiment. We have estimated
these regions revealed extremely low levels of organicthe pH changes occurring when the Viking 1 LR cycle
matter. Although the mechanism resulting in the low 2 experiment surface sample was wetted by converting
level of organics in these regions was not estaldishe the quantity of C@ adsorbed or desorbed due to pH
by Navarro-Gonzalez, the condition of organic- shifts to equivalent Husing carbon dioxide/carbonic
depleted, near-sterile soil offers an interesting Earth acid equilibrium calculations. When experimentally
analog of the martian surface material, as the Viking wetted, the pH of both the Viking and surface sample
Gas Exchange (GEx) experiment and Labeled Releasecollected from the dry core of the Atacama Desert
(LR) experiment were unable to demonstrate the pres-(Yungay) surface samples underwent a rapid shift,
ence of culturable bacteria [2], and the Viking pyroly- similar in magnitude, from acidic to slightly basic.
sis-GCMS was unable to detect organic compoundsThis shift was not observed in samples collected from
[3]. wetter regions of the Atacama or from the subsurface

We have examined the acid-base equilibration ki- at Yungay (figure 1). The pH response of surface soils
netics of soils collected in the Chilean Atacamadbes collected at the Yungay site is consistent with the dry
and compare these results to information on the acid-deposition and accumulation of atmospheric acid
base chemistry of martian surface samples derivedaerosols and acid precursors on the soil surface at the
from the Viking experiments. Soil pH is of interest Yungay site. The absence of this acid component in
because it plays a direct role in a number of processeshe subsurface samples is consistent with a water
that affect soil mineralogy, organic chemistry anidl so transport mechanism for soil horizon formation in
biological load. The recent discovery at the Mars Ex- thedesert. It appears that the low moisture levels in
ploration Rover (MER) Opportunity site of jarosite
[4], which forms in strongly acidic-sulfate rich envi- 4
ronments, heightens the importance of understanding *°1
the chemical state of the martian surface materidl a °T-

its behavior in aqueous systems. Some experimental —°° P,
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surface in aqueous systems can be deduced from the =°°] 1\:“-1‘-——%4\1_&%__

Viking biology experiments. These biology experi- 7’% - T
ments revealed that multiple chemical reactants were 7'57«%%%%#%%%%%%%%%%

present in the surface material and that a minimum of
three oxidizing species are needed to explain the ex- ‘ ‘ ‘ ‘
perimental results of both the GEx and LR [2]. Al- 0 2 4 6 8 10
though examined less than the data that indicates that Minutes

the martian surface material is oxidizing, the first Figure 1. The pH response of Atacama surface soils (col-
information on the acid-base chemistry of the surface !ected along a north—south transect, @ ~ 70°W) when wet-
material was also returned by the Viking biology ex- ted--- Yungay surface samples®24' 10"S;0 24> 34' 26"S;
periments. Viking did not measure pH directly, but X 25 4'6"S;~ 25’ 18'17"S; + 2845'37"S; * 287'5"S.
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Yungay result in acids accumulating at the surface; atmospheric exposure. By monitoring differences in
accumulation continues until offset by the periodic film reactions among the electrodes, this deployment
addition of sufficient amounts of water (either through mode measures the relative contributions of soil chem-

rain or fog) to cause dissolution and neutralization. istry, UV photochemistry, and dust/aerosol chemistry
In figure 2 the response of the VL1 LR cycle 2 to environmental oxidation processes. Representative
sample is plotted as moles of aqueodsiHthe soil responses of the MOI sensors are shown in figure 3.

solution as a function of time, overlaid with a pH data The sensor responses are consistent with an oxidative
for Yungay surface samples (also reported as moles ofattack by strong acids triggered by dust accumulation
aqueous Hin the soil solution). The total moles of followed by transient wetting due to an increase in
aqueous Hin the Atacama soil solution was normal- relative humidity during the night. We conclude that
ized to the 0.5 cc Viking LR sample volume. The in the Atacama Desert and on Mars, extremely low pH
number of moles of Hreleased into solution by the resulting from acid accumulation, combined with lim-
Yungay soil is comparable to the amount released byited water availability and high oxidation potential,
the VL1 cycle 2 sample. The measured kinetics, how- will result in acid-mediated reactions at the soil sur-
ever, are different. These differences can be explainedface during low- moisture transient wetting events (i.e.
by the different experimental techniques used to derivethin films of water). These soil acids are expected to
the H changes. Based on the data derivable from Vi- play a significant role in the oxidizing nature of the
king, the response of the Yungay samples upon wet-soils, the formation of mineral surface coatings, and
ting is consistent with the LR observations and aan b the chemical modification of organics in the surface
explained by the rapid solvation of a soil acid followed material.

by neutralization.
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Minutes Distinct reaction patterns are observed for each of three
Figure 2. Response of the VL1 cycle 2 labeled release s&lifferent sensor deployment modes. Reactivity was highest
ple and Yungay surface sample shown &g¢ivalents. and reaction kinetics were fastest for sensors exposed to

atmospheric dust. For the UV/Dust sensors, reaction pro-

. R ceeded after a twenty four hour dust accumulation period
Using the Mars Oxidation Instrument (MOI), WSollowed by an increase in atmospheric humidity at night.

have further characterized the acidic Yungay surfaggnospheric sensors shield from dust did not exhibit this
environment. MOI is chemiresistor-based sensor ari@¥ponse. Sensors exposed to soil displayed slower reaction

that measures the oxidation rate of chemical films thdnetics due to buffering of humidity by the soil.

are sensitive to particular types of oxidants or that
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